The aim of this study was to evaluate the thermal profiles of trucks used for transporting fertile eggs and day-old chicks. This study was carried out in a broiler hatchery in the State of Sao Paulo. The experiment was conducted during three months, in which six egg loads and 11 chick loads were observed. Thermal profile assessments were performed in an environmental controlled trucks with thermal control and following dimensions: 7.5 x 2.6 x 2.5 m for eggs, and 8.0 x 2.5 x 2.5 m for chicks. The maximum transport capacities were approximately of 592 boxes of eggs and 630 boxes of chicks, distributed all over the lorry. The thermal profiles were assessed at five-minutes-interval for eggs and in ten-minutesinterval for chicks, using thermal variables such as temperature, relative humidity and specific enthalpy. Geostatistics was used to model spatial dependency (by kriging). The results showed that the acclimatization in trucks was deficient. The loads were found to be submitted to an incompatible temperature, showing a huge thermal variety in the body trucks.
Introduction
The logistics of live load in Brazil, specifically in the aviculture sector, faces various problems related to the lack of information and not enough truck standardization for transporting birds in a comfortable temperature. In fact, the acclimatization efficiency in live loads must be considered as something crucial in the logistics. But, what is truck acclimatization? And how can it be done when transporting live loads? Trucks for transporting fertile eggs and day-old chicks are not projected adequately in order to give thermal comfort conditions to the loads. Many problems have been detected, such as, thermal homogeneity and ventilation in day-old chicks transporting trucks, in which part of the problem is attributed to the size increase of vehicles (Quin & Baker, 1997) as well as problems related to thermal heterogeneity in transporting fertile eggs (Anderson et al., 2008; Nazareno et al., 2013) .
Companies, which produce trucks, should be aware of losses attributed to inadequate transport or/and operations executed in the wrong manner in the pre-gate ambience phase. It is worth noting to mention that in 2011 Brazil lost 230 million reais due to problems in transporting fertile eggs (Nazareno et al., 2013) . In regard of losses in the day-old chick transport, the problems are likely to be related to mortality, culling or disposal due to inadequate transportation. Based on this fact, the national broiler sector lost 47.6 million reais in 2010 (Camargo, 2011) .
Given the seriousness of this issue, it was possible to observe that there is a lack of studies on logistics in live load transport, since innumerous studies are focused on problems in the "pregate ambience" (Hadara et al., 2011) and in the well-being of the animals (Koknaroglu & Akunal, 2013) . Other recent researches have been done in the "post-gate ambience" (Simões et al., 2009; Vieira et al., 2013) , therefore, information related to the fertile egg and day-old chick transport phase is scarce.
Since these technological gaps are identified and, consequently, the correction of the main critical points in the pre-gate phase is urged, it is believed that these are crucial points to be considered as essentials to broiler production with a high quality. The aim of this study was to evaluate the thermal profiles of the trucks used in fertile eggs and day-old chicks transport.
Material and Methods
This study was carried out in a broiler hatchery in the State of Sao Paulo, Brazil (22º 25' 55" S, 46º 57' 28" W; atmospheric pressure of 762 mm Hg at 632 m above sea level). The experiment took three months, in which six egg loads and 11 day-old chick loads were monitored during spring and summer. To transport fertile eggs, a thermal profile in the truck (Constellation Model 26-370 6 x 4 tractor, Volkswagen) was performed. The three-axis-truck presented the following dimensions: 7.5 m in length; 2.6 m in width and 2.6 m in height. The pressure on tires was 100 pounds, and the truck suspension had parabolic springs and hydraulic shock absorbers of double action. The acclimatization equipment was regulated in 23 °C (dry bulb temperature) and in 80% (relative humidity).
The load capacity of the truck was approximately 592 boxes of eggs which were stacked and distributed inside the lorry. However, the analyzed loads presented 444 boxes as average, in which piles of 6 boxes were made inside of the lorry. The boxes had the following dimensions: 63 x 32.5 x 30 x 3 cm (external area), 3.2 x 1.1 cm (side opening) and 2 x 2 cm (bottom). These boxes carried 240 eggs, the equivalent of 8 plastic crates (30 x 30 cm) for 30 eggs. During the months of August and September, six monitored trips were done by the driver in the same road, where the truck traveled 60 km.
In order to characterize the thermal ambience of the truck, variables were recorded such as temperature (T, °C) and relative humidity (RH, %) by using 18 dataloggers (Onset, model Hobo ® ) distributed along the lorry in 1-minute interval.
For the day-old chick transport, a two-axis-truck (Constellation model -26-370 6 x 4 tractor, Volkswagen) presenting the following dimensions: 8 x 2.5 x 2.5 m, was used. The lorry had both internal and external area coated with aluminum with thermal isolation of expanded polyurethane. The doors were constituted of 3 layers thoroughly sealed with stainless steel. There were 3 rows (left, right and center) with 0.7 m of spacing. The sides were divided with 2 shelves, with vertical spacing approximately of 0.81 m among themselves.
The internal temperature, ventilation and humidity were controlled by sensors, and the humidity in the interior of the load was done by centrifugal humidifier or by pressurized air nozzles, in which they were controlled by an electronically digital system installed in truck cab. The thermal control was programmed for the following conditions: temperature between 23 and 25 °C, and relative humidity between 60 and 70%. The acclimatization system was located in the front of the lorry, once the ventilation was distributed through the floor openings, and the air exits (ventilation) were located in the truck louver (openings of the roof). It is worth noting that the acclimatization system was only turned on when the truck was in movement. Figure 1 shows pictures of the acclimatized transport truck loaded with fertile eggs and day-old chicks.
The boxes used for transporting present the following measures: 42 x 57 x 15 x 2.5 cm. They have 26 openings around the box (1 x 6.5 cm) that are stacked with the others, in which the last one has a cover full of holes, for minimum air circulation so that animals do not suffer during the trip. There were 4 boxes (maximum number) in each stack found in the superior shelf, 6 boxes in the shelf from the middle, and 6 boxes in the inferior shelf in each side. The load capacity was 480 boxes in the shelves and 150 boxes in the corridor, totalizing 630 boxes with 100 chicks each. There was an available area of 23.94 cm 2 for each animal inside of each box. To characterize the thermal ambience, thermal variables such as room temperature (T; °C) and relative humidity (RH; %) were recorded by using 18 dataloggers (Onset, model Hobo®), spread all over the lorry, programmed to register all data in a ten-minute-interval.
The temperature values, relative humidity and the local atmospheric pressure (761.98 mmHg) were used for calculating the specific enthalpy (h; kJ kg -1 dry air), through the equation proposed by Rodrigues et al. (2011) .
Geostatistics (kriging) was used to modeling spatial dependency of temperature, relative humidity and specific enthalpy in order to obtain the other points in the lorry as well as the spatial dependency assessment of the variables, taking into account the interior of the lorry using GS + 7.0 (Robertson, 2000) .
Descriptive and exploratory statistical analysis was used to analyze the data found through this study in order to verify the presence of discrepancy points (outliers). In geostatistics, these values caused a strong impact, mainly in the beginning of the semivariogram. This fact can lead to wrong conclusions about the noise in the variance (nugget effect) and/or the existence of spatial correlation.
The adjustments of theoretical models (spherical, exponential and Gaussian) was found through the semivariogram calculation. It can be observed in the Eq. 1 proposed by Vieira (2000) : residuals (SSR) and multiple coefficient of determination (R 2 ). In the sequence, the R 2 of the cross-validation (R 2 -VC) (observed values versus estimated values) was used. In order to analyze the spatial dependence index (SDI) of the attributes, a definite relation in the program GS + (C 1 /C 0 + C 1 ) and the intervals proposed by Zimback (2001) , was used. This relation considers that weak spatial dependence (SDI ≤ 25%); moderate (25% < SDI < 75%) or strong (SDI ≥ 75%).
Moreover, in order to adjust the theoretical models and the definition of the coefficients to the semivariograms, an estimative method of values distributed in space using adjacent values (Kriging) was used. This method is based on estimating moving averages (Landim, 1998) .
Results and Discussion
Through the results of the geostatistical analysis for the transport of fertile eggs, it was possible to observe that all the microclimatic variables presented spatial dependence in all thermal profile of the truck (Table 1) .
The profile temperature of the acclimatized lorry was adjusted to the exponential model with R 2 and reach of 0.35 and 3.06 m, respectively. The relative humidity and specific enthalpy were adjusted by the Gaussian model with R 2 of 0.64 and 0.77, and reach of 6.05 and 7.00 m, respectively, reflecting the continuity of the studied variables. These microclimatic variables also presented a strong spatial dependence (SDI ≥ 75%) with SDI values of 83.85 and 92%, according to the limits established by Zimback (2001) , showing that the thermal profiles of the acclimatized lorry in the transport of fertile eggs were heterogeneous and presented high thermal range.
In relation to Table 1 , it was possible to observe that the spatial distributions of the thermal profiles in the transport of day-old chicks, in which the temperature variables, relative humidity and specific enthalpy were adjusted by the Gaussian and spherical models with R 2 of 0.40, 0.50, 0.65, and reaches of 2.07, 1.34, 2.70 m, respectively. Also, it was verified that the temperature and the relative humidity obtained a strong spatial dependence (SDI ≥ 75%), presenting a SDI of 84 and 89%. However, the only variable that showed a moderated spatial dependence was the specific enthalpy (25% < SDI < 75%), with SDI value of 70%, according to the limits established by Zimback (2001) . Hence, it means that the thermal profiles of the acclimatized lorry in the transport of day-old chicks presented heterogeneity, reflecting in huge thermal amplitudes.
The thermal profiles of the acclimatized truck diagnosed a heterogeneous environment through temperature, relative The coefficients of the theoretical model are estimated to the semivariogram nugget effect (C 0 ), level (C 0 + C 1 ), structural component (C 1 ) and spatial dependence (a) as a result of an adjustment from a mathematical model of γ (h) values.
To the semivariograms the following coefficients were estimated: nugget effect (C 0 ), level (C 0 + C 1 ), structural component (C 1 ) and the spatial dependency (a). The choice of the best model was based on the smallest sum of square C 0 -pepita effect, (C 0 +C 1 ) -patamar, C -structural component, EDI -spatial dependence index humidity and specific enthalpy to transport fertile eggs. The variables showed: AT (room temperature) = 6 °C, ARH (relative room humidity) = 50% and Ah (room enthalpy) = 25 kJ kg -1 dry air (Figure 2) . The temperature of the truck of the fertile eggs was above the recommended level (between 10-20 °C) by Fasenko et al. (1991) , Elibol & Brake (2008) , Nazareno et al. (2013) . The major thermal nucleus was identified in the rear region of the lorry (25-27 °C) and in the front of the lorry (23-25 °C). Therefore, the rear and the front regions near to the acclimatizer were the most problematic ones. According to Damron et al. (1994) ; Gast & Holt (2000) ; Anderson et al. (2008) ; Oviedo-Rondón et al. (2009) , similar results to these were found in commercial transport of eggs.
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The relative humidity of the lorry respected the recommended level (55 to 75%) by Fasenko et al. (1991) ; Fiúza et al. (2006) ; Araújo et al. (2009); Nazareno et al. (2013) in the majority of the profile. However, the center of the lorry showed the major thermal nucleus (80-90%), meanwhile the smallest thermal core was found near to the acclimatizer (60-40%). Since the relative humidity was found above the level, condensation upon the eggs could have started which it would imply to an environment more susceptible to the growth of microorganisms (fungus and bacteria) in fertile eggs (Baracho et al., 2010; Freitas et al., 2011) .
Through the specific enthalpy, it was possible to observe that the only region near to acclimatizer (40 -50 kJ kg -1 dry air) was inside the ideal levels (25 -44.7 kJ -1 kg dry air) for the atmospheric pressure of 761.98 mm Hg. This aspect is an evidence of the thermal heterogeneity all the way on the load of fertile eggs. Similar results to these were found by Damron et al. (1994) ; Nazareno et al. (2013) during the transport of fertile eggs. It is very important to have the ideal thermal conditions in the lorry, so that loss on the pre-gate environmental control can be decreased during this phase of the transport. When these thermal conditions are not respected in the transport of fertile eggs, which means, they are above the ideal levels, the embryo development is increased before the eggs are incubated, leading to loss in egg hatchability and quality of chicks.
These results provide enough evidences about one of the biggest problems found on fertile egg transportation in Brazil, which is related to the absence of thermal standardization in acclimatized trucks. These trucks are not planned adequately to provide ideal refrigerated conditions to the load.
In the day-old chick transport, it was observed that the microclimatic profiles of the acclimatized lorry (temperature, relative humidity and specific enthalpy) presented a huge heterogeneity in the chick load, obtaining the following thermal amplitudes: AT = 12 °C, ARH = 40% and Ah = 40 kJ kg -1 dry air (Figure 1) .
The temperature inside of the chick boxes was found below the ideal ranges (35 -32 °C) as recommended by Lin et al. (2005) ; Mujahid & Furuse (2009); Nascimento et al. (2012; . This aspect brings an important clue showing that the chicks suffered cold stress during transportation. The major concern on maintaining the ideal temperature during baby chick transport is connected with the precociousness in the thermoregulation system due to presenting a high tolerance when temperature is high, when compared to a low temperature. This factor shows that there is an ample need on keeping high temperatures on the first moments of life (Dunnington & Siegel, 1984) . It is worth noting that the optimal zootechnical performance of the chicken, in its adult phase, is intrinsically related to the post-hatched chick capacity on regulating its own body temperature efficiently. Hence, it means that birds on the pre-slaughter phase allocated in sheds depend on the development of physiological mechanism standards stimulated by the thermal environment during the baby chick phase (Tzschentke, 2007) .
It was verified in the thermal nucleus that small temperatures (26 -32 °C) were identified on the front regions all the way to the back of the lorry. Similar results were found by Quinn & Baker (1997) who assessed day-old chick transport. Also, Damron et al. (1994) ; Gast & Holt (2000) ; Anderson et al. (2008) ; Nazareno et al. (2013) observed that these same critical regions presented the equivalent results in the thermal profile during egg transportation. The best relative humidity regions in the day-old chick transport happened to be found from the back of the truck to a small area in the front of the lorry (50 -60%) as suggested by Lin et al. (2005) ; Mujahid & Furuse (2009) ; Nascimento et al. (2012; ). However, it was possible to observe some critical regions in the lorry that presented nucleus with relative humidity out of the ideal ranges (20 -50% and 70 -80%). These regions showed the existence of thermal heterogeneity in this profile, which can be attributed to a low efficient air circulation system found on the lorry. In addition, Quinn & Baker (1997) verified that these same critical regions in the chick load were related to the low efficient air circulation system of the truck, making it heterogeneous. Moreover, it was verified the same results in egg transport (Damron et al., 1994; Gast & Holt, 2000; Anderson et al., 2008) .
Relative humidity plays a major role in heat exchange (sensible and latent heat) on chicks (Lin et al., 2005; Schimidt et al., 2009; Nascimento et al., 2012; . The loss of evaporative heat (latent) increases with temperature, therefore the effect of thermoregulation on bird will depend on air temperature as well as on it age (Lin et al., 2005) . The relative humidity values above 60% reduce the heat transfer from the internal to the external body area, damaging the thermal exchanges between the animal and the environment. However, when the relative humidity is below the range of 50% the heat exchange between the animal and the ambience by via latent are raised, which may cause the ascitic syndrome, known as pulmonary hypertension syndrome (Mujahid & Furuse, 2009 ).
The specific enthalpy profile presented small thermal nucleus located on the front and center area of the lorry. They presented the ideal range (50 -60 kJ kg -1 dry air) for the day-old chick with an atmospheric pressure of 761.98 mm Hg. Quin & Baker (1997) observed that the most critical regions for day-old chick load were found to be on the front and center areas of the truck. It is likely to have heterogeneous results due to an inefficient ventilation system inside of the truck. The consequences of an inadequate chick transport will only be seen at the farm by the time the chicks cannot reach their optimal scoring on the zootechnical performance during 42 days, in which some of these chicks are disposed and others die in their first week of life.
Based on these data, there is an urge of improving the standards on the acclimatization system of fertile eggs and dayold chicks transport. Since the ambience is completely closed and acclimatized, it was expected to have a bigger homogeneity on the microclimatic characteristics on body trucks.
Conclusions
1. The acclimatization on the assessed trunk truck was deficient, in which the thermal profiles of the ambience used to transport fertile eggs and day-old chick showed microclimatic variations all over the lorry.
2. The microclimatic conditions were above the ideal range for transporting fertile eggs, while they were bellow for transporting day-old chicks.
